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TO THE PARTICIPANTS: 
The Geological Science Field Trip program is designed to acquaint 
Illinois residents with the landscape, the rock and mineral resources, and 
the geological processes that have led to their origin. With this program, 
we hope to stimulate a general interest in the geology of Illinois and a 
greater appreciation of the state's vast mineral resources and their impor-
tance to the over-all economy. 
We encourage you to ask the tour leaders any questions that may 
occur to you during the trip. Discussion often clarifies points that 
otherwise would remain confused to many of the participants4 We also invite 
your written comments upon the conduct of the trips so that we might improve 
them as much as possible. 
Additional copies of this guide leaflet, as well as itineraries 
for field trips that have been held in the past, may be obtained free of 
charge by writing to the Illinois State Geological Survey. The itinerary 
maps for each field trip can be purchased for 10 cents each. 
Several of the stops along this itinerary are located on private 
property whose owners have graciously given us permission to visit their 
lands. Please obey the instructions of your trip leaders and conduct 
yourselves in a manner that will show respect for the property owners' 
cooperation. Please do not litter, or climb on fences, and leave all gates 
as found, so that we may be welcome to return on future field trips. These 
simple rules of courtesy also apply to public property as well. For the 
convenience of those persons who may use this itinerary at some future 
time, the names and addresses of every private property owner are listed 
for the respective stops on a page at the back of this guide leaflet. 
Whenever possible, always attempt to obtain permission when visiting 
private property. 
We hope that you enjoy today's field trip and will attend others 
in the future. 
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STOCKTON GEOLOGICAL SCIENCE FIELD TRIP 
INTRODUCTION 
Physiography - The Stockton area is located along the southeastern boundary 
of the Wisconsin Driftless Section, a region in extreme northwestern Illinois and 
southwestern Wisconsin that appears to have been bypassed by Pleistocene glaciers 
during the last million or so years (see map of the Physiographic Divisions of Illino: 
in the appendix). The Driftless Area has some of the most rugged and scenic topograpi 
in Illinois. No glacial drift and only thin loess mantles the deeply dissected bedrof 
surface. 
To the south and east, the Driftless Area is bounded by the western edge 
of the Rock River Hill Country, a region that has a more subdued topography consistinf 
of highly undulating, glaciated uplands. (Note route map.) Topography in this part 
of the area was developed primarily by pre-Illinoian erosion of the bedrock surface, 
which subsequently was thinly veneered with Illinoian glacial till and Wisconsinan 
loess. Drainage of the field trip area is south and southwest to the Mississippi 
River via Apple River, Rush Creek, Plum River, and their tributaries, and east to 
Pecatonica River via Yellow Creek and other smaller tributaries. 
Geology - The Stockton area is north of the Illinois Basin at the southern 
margin of the Wisconsin Dome, a broad uplift centered in north-central Wisconsin 
(fig. 1). Bedrock consists of about 1,900 feet of lower Paleozoic limestone, dolomitt 
sandstone, and shale ranging in age from Croixan (late Cambrian) to Alexandrian (earl : 
Silurian) (fig. 2). These are marine sedimentary rocks laid down layer by layer in 
the ancient seas that covered Illinois and the Midcontinent region during much of the 
early part of the Paleozoic Era, about 550 million to 400 million years ago. Only 
the upper 425 feet or so of these strata are exposed in the field trip area, mainly 
dolomite formations of Champlainian (middle Ordovician) and Alexandrian (early Silu-
rian) ages and shale of Cincinnatian (late Ordovician) age. The Canadian (lower 
Ordovician) and Cambrian rocks are not exposed but are known from deep wells and from 
exposures farther north where they rise to the surface toward the Wisconsin Dome. 
Fig. 1 - Index ma~ showing locations 
of (1) the vlisconsin Dome, (2) the 
axis of the Savanna Anticline, and 
{3) the Illinois Basin. 
The base of the Cambrian strata rests upon an ancient 
basement of Precambrian granitic rocks that are more 
than one billion years old. 
Younger Paleozoic sedimentary strata of 
Devonian, Mississippian, and Pennsylvanian ages occur 
farther to the south (see attached Geologic Map of 
Illinois). Rocks of these ages probably were also 
deposited in the Stockton area, but they have been 
removed by erosion. Pennsylvanian rocks rest upon 
strata as old as Ordovician age in several localities 
in northern Illinois, indicating that considerable 
erosion occurred before the beginning of the Pennsyl-
vanian Period. 
Structure - The Paleozoic strata are tilted 
gently downward away from the Wisconsin Dome. This 
slight dip is locally interrupted by shallow syncline ~ 
low anticlines, and minor irregularities. The eleva-
tion of the top of the Galena Dolomite Group decrease~ 
from about 1,010 feet above mean sea level (msl) at 
Warren in northeastern Jo Daviess County to about 615 
feet msl at Blanding in the southwestern part of the 
county. The 395-foot difference in elevation across 
a horizontal distance of almost 27 miles produces a 
GROUP, 
STAGE 
Holocene 
Wisconsinan 
Sangamonian 
Illinoian 
Ill. or older 
FORMATION, 
UNIT COLUMN 
·.a . o ·-· .~·. 
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- - 110-200 
--1---
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Dol~mite, pure massive; Receptaculites in 
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! 
l 
l ~~ ~~~L 
c Dunleith f / .t:.:. I 
-M ~~~ 
45 
Dol~mite, very cherty; abundant Receptaculi~ ! 
es in zones; shaly and thin-bedded near base i 
~ Guttenberg _-;:.._,
1 
1 .~7-
E~--------------~--------~~--~-~-~~ T 
8 Dolomite; red shale beds ! 
CIS fA~ B Platteville lL I _A L 75-110 Dolomite, limestone, argillaceous, cherty 
Glenwood 
Ancell St. Peter 
Canadian (lower Ordovician} 
and 
Croixan (upper Cambfian) strata 
undifferentiated 
.L c. .. I 
/ A / 
J I 
~ · · · 2-55 Sandstone, shale. dol amite -~~~~A:----~~+---------~----~---------------------------
.. 50-300 Sandstone, pure, massive, shaly at base 
: .. L) ... . : · , 1,250 Dolomite, limestone, sandstone, shale 
·o· . . ·. 
0~~··0 ~------------------------------------~\/' O.J--------+-------------------------------------------
' - 1 Granite and other igneous and metamorphic Precambrian '\'//..._ 
- -h. rocks 
Fig. 2 - Generalized sequence of strata in the Stockton area. 
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Stockton 
100 Miles 
1.----------l 
Fig. 3 - North-south cross section through Illinois showing 
the Pale~zoic strata in the Illinois Basin. 
MINERAL PRODUCTION 
regional dip of 14.7 feet per 
mile (nearly a sixth of one 
degree). The regional dip is 
abruptly broken a few miles to 
the south by the Savanna Anti-
cline, a narrow, elongated arch 
of bedrock strata that extends 
east-west across Carroll County 
into eastern Iowa (fig. 1). 
South of the anticline, the 
Paleozoic strata are tilted 
gently downward into the Illi-
nois Basin, a large spoon-shaped 
bedrock structure that occupies 
most of Illinois and adjacent 
parts of Indiana and Kentucky 
(figs. 1 and 3). In the deepest 
part of the basin, in southeast-
ern Illinois, the Paleozoic 
strata are more than 13,000 feet 
thick. 
Jo Daviess County, in which Stockton is located, ranked 45th out of 100 
Illinois counties reporting mineral production for 1970. Minerals produced had a 
value of more than $2.8 million, or about 0.4 percent of the $716.3 million mineral 
production value of the state for that year. In decreasing order of value, the miner 
als produced in this county are zinc, stone, lead, sand, and gravel. In addition to 
being used as agstone, the crushed stone, along with sand and gravel, is used for 
various purposes in the building and construction industries. In 1970 Illinois pro-
duced over 52.7 million tons of crushed stone valued at more than $83.1 million. 
The state also produced more than 17.7 million tons of common sand and more than 21.3 
million tons of gravel, together worth more than $43 million. Jo Daviess County 
ranked second among three counties producing zinc and lead during 1970. Zinc produc-
tion totaled 16,797 tons, valued at over $5.1 million, and lead production was 1,532 
tons, valued at $478,600. The state total for the five minerals produced in Jo 
Daviess County amounted to $131,860,544 in 1970. 
o.o 0.0 
0.2 0.2 
ITINERARY 
Assemble on south side of high school parking lot facing east. Turn 
right (south) on North Rush Street. 
Stop 1. Park and walk up to the water tank on the hill. View of the 
terrain around Stockton and discussion of Stockton City Water Well #6 
(NE~ SE~ NW\ Sec. 11, T. 27 N., R. 4 E., Jo Daviess County; -Elizabeth 
15' quadrangle). 
The hill consists of bedrock. The lower part is shale, which is not V1S1-
ble in these slopes nor in many others in the area because weathering disintegrates 
it and it is covered by soil and rock slumping down from higher on the slopes. The 
upper part of the hill contains a thin-bedded dolomite, the source of the grayish-
orange stones littering the slopes. Near the hill top, the dolomite beds lie under 
the grass roots, and broken layers are exposed in the ditch cut by the overflow from 
- 4 -
the water tank. The thin soil is largely a residue of d-ecomposed rock--what is left 
after weather and living things cause physical and chemical breakdown of the rock. 
Fossils can be found loose on the ground, we•thered out of the bedrock. 
Stratigraphy - Both the shale and the dolomite i 'n the hill are part of the 
Maquoketa Group--the thick. dominantly shale unit between the Galena Group dolomites 
below and the Silurian dolomites above. The thin dolomite beds of the hill are 
known to be in the shales just below the top of the Maquoketa Group (as at Stop 6, 
for examp_le). The elevation of the hill, and therefore of the top of the Maquoketa 
here, is slightly over 1,100 feet. The base of the Maquoketa Group was found to be 
at an. elevation of 940 feet in Stockton City Well #6, which is located a quarter of 
a mile southeast. Therefore, the thickness of the Maquoketa Group near this place 
is assumed to be about 170 feet (1,110- 940 = 170 feet). 
From the hilltop, the terrain of the field trip area can be viewed. (See 
the route map.) 
View to the North - The city of Warren is on the horizon, 10 miles away. 
A mile and a half to the north is the end of the ridge extending from Benton Mound 
(after Stop 6, the route goes around the end of the ridge and at Stop 8 is on the 
mound). Large blocks of the Tete des Morts Dolomite (say "tet day mort") of Silurian 
age can be seen on its summit and lower on the slopes where they have slid downhill. 
Northwest - Stop 6 is located on the hill a mile to the northwest. · The 
hill is about 60 feet higher than this one, and the upper 50 feet of it is Silurian 
dolomite. 
West - The knob at the west end of this hill (with the house on top) is 
about 20 £~higher than this point and is reported to have ,Silurian beds at the 
top. A quarry (reported in ISGS Bulletin 26, 1916) was operated in the sag betWeen 
this place and the knob. The excava.tion still shows about 5 feet of dolomite_ in 
several beds. Nine of the 19 feet of rock originally exposed fn the quarry were 
massive dolomite beds--the same upper Maquoketa strata seen in this hill and exposed 
at Stop 6. 
The landscape to the west is unglacfated terrain, the "Driftless Area" on 
the map. Because glaciers from Canada apparently did not flow into the region, bed-
rock is not buried by drift as it generally is in the glaci_ated parts of the state. 
To a large degree, the landforms of the Driftless 1\re_a indicate whether 
there is shaie or dolomite under the surface. In general, the highest hills are 
capped by Silurian dolomite beds. The flatter middle slopes of these hills, the 
lower hills, and the rolling lowlands are underlain by the shales of the Maquoketa 
Group, which are weak and easily wash and slump into low slopes. The lower flats at 
the edges of stream valleys are at or near the top of the dolomite beds of the Galena 
Group. Streams, except for the upper courses. of small .streams, are cut down into the 
Galena Group dolomites and confined to, narrow valleys. The relation of landform in 
this terrain to the underlying bedrock: can be represented as in figure 4. 
S· 
M 
~~~~~~~~~~,-~~-­
G 
Fig. 4 - Diagrammatic relations of the principal rock units ; 
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Although glaciers are not known to have entered the Driftless Area, they 
did create its distinctive topography. Before the glaciations began, the terrain 
was flatter than it is now and the streams in the region evidently drained to the 
north. The Nebraskan glacier, the first to enter Illinois, advanced from the north-
west and seems to have blocked the north-flowing drainage and diverted it southward , 
along the margin of the ice. Along the border of Jo Daviess ·county, the Mississippi 
River Valley follows the margin of glacial deposits on its west side. There is evi-
dence that, before the following glaciation, the diverted drainage and the meltwater 
shed by the ice cut the valley to its maximum depth and so made it possible for its 
tributary streams in the Driftless Area to cut deeper valleys and roughen the topo-
graphy to nearly the present state. 
South - The hills on the southern horizon are the ridges between the north-
and northeast-aligned valleys of Little Rush Creek, Rush Creek, Plum River, and their 
tributaries. The hills are the edge of a large region underlain by Silurian dolo-
mites, and within 5 miles of here their crests contain dolomite more than 100 feet 
thick. As we have seen, only a few isolated, small, thin remnants of the Silurian 
beds occur north of the ridges. The rock layers in the area are tilted down, or dip, 
very slightly to the southwest, so the beds are higher above drainage to the north 
than to the south. Erosion has been leveling this terrain for millions of years, 
and the Silurian beds have been cut down and leveled most where they stood highest 
above drainage. North of the main outcrop, then, the deep dissection caused by the 
Pleistocene glaciers left the erosion-thinned beds isolated as thin caps on the 
highest hills. 
~ - On .the route map the line labeled "Illinoian Glacial Boundary" 
connects the westernmost localities where evidence of glaciation has been found. 
In this region the evidence consists of the presence of till, erratics, and glacial 
landforms. 
Till is the mixture of clay, silt (powder sand), sand, gravel, and boulders 
that is deposited by glaciers. In the glaciated part of the field trip area, till 
layers are often penetrated by water wells but are seldom exposed at the surface. 
Erratics are "foreign rocks" that glaciers have carried from another regior. 
The first geologists to work in this area drew glacial boundaries essentially like 
the one shown on the route map. They mapped the locations of the few till exposures 
and the numerous erratics--the igneous and metamorphic rocks from Canada, Wisconsin, 
and Michigan--and placed the glacial boundaries along the westernmost edges of these 
markers. 
The two conspicuous glacial landforms in the field trip area are the dis-
located drainage of Apple River (explained at Stop 9) and the glacial moraine--a 
ridge of drift--at Waddams Grove, which can be seen 8 miles to the northeast. Tills 
deposited by a glacier have noticeably filled in and smoothed the terrain of the 
glaciated area north of the Chicago and Great Western Railroad (Stop 3 is at an 
exposure of this till). This more subtle effect of glaciation can be seen on that 
part of the route map: the contours on the map are not as closely spaced and paral-
lel there as they are on other parts of the map. 
Erratics found on the east side of Stockton and layers of till ·discovered 
in excavations and wells in the city indicate that a glacier stood very close to 
this hill, if not on it. The alternations of silts and tills in Stockton City Well 
#6 suggest that a glacier twice advanced to that point and melted back from it, 
leaving a deposit of till. The meltwater that ran off the ice deposited silt in . 
ponds that formed between this ridge line and the ice front during both ice advances 
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and meltbacks. Apparently, the valley on the south side of this hill (where the 
railroad is) carried overflow from such an impoundment. These glacial events are 
thought to have taken place between about 200,000 and 250,000 years before the 
present, during the Illinoian glaciation, the third known to have occurred in North 
,America. 
The first ice advance of the Wisconsin glaciation (the fourth and most 
recent) blocked the Pecatonica River near Rockton in Winnebago County. The lake 
that formed backed water up into Yellow Creek, a tributary of the Pecatonica that 
has its headwaters just east of Stockton. This lake, called Glacial Lake Silveria, 
filled to a level of perhaps 870 feet above sea level, and an arm of it might have 
been visible about 5 miles away (the lake is discussed more fully at Stop 3). 
Stockton City Well #6 - Well #6 was drilled in 1953 and is one of several 
wells used to supply water for the city. It is located a quarter of a mile southeast 
of the water tank, and figure 5 illustrates the strata it penetrates. 
As the well was drilled, the driller wrote a log, and every 5 or 6 feet 
he collected a bag of rock chips and cuttings from the bottom of the hole. When 
the well was completed, the driller's log (which recorded his identification of the 
different layers of rock and the depths and thicknesses of each) and the several 
hundred bags of samples were sent to the Illin9is State Geological Survey. There 
the samples were cleaned and stored and the log was filed, Later a geologist 
studied the log and the samples and made the verbal and graphic description shown 
in figure 5. 
The records and samples obtained from this well--and similar material from 
tens of thousands of water, gas, and oil wells throughout the state--are stored and 
filed at the Geological Survey where they may be studied by anyone who wishes to 
see them. This kind of subsurface information has been put to many practical uses. 
In particular, these records have helped geologists to discover the geologic history 
of the state and neighboring regions (that is, the sequence and nature of the physi-
cal events that created the rocks and landforms of this particular spot on the 
earth's crust); to discover and assess the rock and fluid commodities that are not 
exposed at the surface of the state; and to predict the probable environmental con-
sequences of the increasing number of uses being made of subsurface rock layers. 
0.0 0.2 Leave Stop 1. Continue south on Rush Street. 
0.15 0.35 Turn left (east) on West Benton Avenue. 
0.2 0.55 STOP. Intersection with North Main Street (Illinois Route 78). 
CAUTION. Turn right (south) on Main Street into the business district. 
0.15 0.7 Railroad overpass. Continue south. 
0.45 1.15 Leave Stockton. 
0.4 1.55 Itinerary descends slope developed on shale of the Maquoketa Group. 
1.05 2.6 Roadcut on left shows dolomite of the Galena Group. 
1.6 4.2 Y-intersection. Bear left on gravel. CAUTION. PREPARE TO TURN LEFT. 
0.1 4.3 CAUTION. DANGEROUS CROSSROAD. Turn left (east) on rock road. 
0.9 5.2 CAUTION. Narrow bridge. 
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DESCRIPTION 
ICI) 
~ Cll ROCK 0 {g DEPTH ~ TYPE FORMATION 
E-1 
# " - .. , .. i 
, ~ ~. . . ' ... 
.:-0 :--?/.'(;,~ Tills, light brownish gray over grayish 
65 ~~- ~-:~ :~:~ yellow; occurs between silts and clay 
Glasford 
-p~~·EntJM~a~q~u~o~k~e~t~a~~6~·-t~s;c~a~l~e:s:---------t-~6-t--~7~lj;~~§§t~hale, brown 
~Du~b~u~q~u~e--------~~1~6~--~81.vv 1 1 ~Dolomite, brownish gray, fossiliferous 
I 
s:: 
CIS 
•.-! 
s:: 
.... 
CIS 
.-i 
Galena 243 1 
Hise Lake 113 
200 
Dunleith 108 
~~ I 
! 
1 
Dolomite, pale yellowish orange; becomes 
/ 
L 
.1 
I I 
/ 
/ 
I 
I ~ I 
1r 1 
L I 
A I 
L I 
I A I 
brownish gray toward base 
Dolomite, cherty, pale brownish gray 
~ 308 1 1 Dolomite, gray 
i 
·I 
'I 
~ 1-G~u-t_t_e_n_b_e_r--.... ---+--....,6-+----3-1""'4' 1 
1
1
1
L/Dolomi te, brotm; red SDecks 
u~------------~~~~~5~---t~~--~~~~ ~~~~~~~~~~~~~~~:7~------~_2_ I 1 1 Dolomite, yellowish brown, very fine 
~ Platteville 
~ ~ 75' 
~ 
A 
~ Ancell 821 
Prairie du 
Chien 240 1 
374' 
I A I 
60 1 / 1 I Dolomite, cherty, brownish gray 
389 1 I ~ J 
Glenwood 16 405 ·. ·.· · · · Sandstone, gray, very fine, very coarse 
St. Peter 66 .. . . Sandstone, white to gray, fine to coarse 
471 
., . . . . . 
~ : / ·. _ ·~l· Dolomite, sandy, shaly, white ·-
~ _· · . ... :· : Sandstone, gray; dolomites, grayish brown 
23 ·/ · 1 · Do1omi te, sandy, grayish brmm ~- ~~~~~~~'------~----~~-~---------------------
Shakopee 103 1 
1----------1-...:l!:.:4~f__;52.J.:.7:4!:..+·t:L:z· =·~f;::z:' ~D~o~l:..somrn~i:.!t~e~·L.....!:s~alrn~d~Y.___Eb~r~o~w~n~£B::r~a.L.v ______ -_ ·-
f-~ Dolomite, chertv Dale bro-vmish ,gray ~ 
22 596 ::#~ .": : ~- · · Sandstone, .gray, fine to coarse New Richmond 
Oneota 115 1 
Jordan 74 1 
Potosi 
Franconia 
Ironton 
Galesville 
Eau Claire 
39 
____2_ 
I J 
I .6 I 
I f 
~ I 
/ . i . 
·---, Dolomite, cherty, gray, brown 
Shale. sandv. P:reen. weak 
71 
711 
I 
I · I 
o I 
I · I 
. I <> I 
I . / 
·.· · .. .. . •, 
Dolomite, cherty, sandy, pale brownish 
gray 
34 ··. : · : · : .· Sandstone, white to gray; chert; dolomite 
f---
~I 
r~ No samples 1 
25 785 :1_ ·. :~: Sandstone, dolomitic, light gray 
66 
79 
100 
45 
10 
/ I 
/ I 
/ 
I 
I I 
/' I 
. , .. 
~ ... 
.. . . 
. . . .. . 
... . 930 ·-· -.. . · . 
.. 
. . 
4 " •• 
. . . 
. . 
1,030 . . . .. 
1,075 
. . ... 
,. 
1,085 
Dolomite, light broHn 
Sandstone, argillaceous, red, green 
Sandstone, white to light gray 
Sandstone, pale yellot-J"ish gray, fine 
Sandstone, pale olive gray, fine; shale 
Fig. 5- Logs of the Village of Stockton Hell #6 {ISGS county no. 244, sample set no. 23275). 
Location: 140 1 N., 680 1 E. of center Sec. 11, T. 27 N., R. 4 E., Jo Daviess County. Elevation of 
top 1,010'±· Drilled in 1953; sample study and logs by J.M. Baxter, 1953. 
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0.35 5.55 The shallow valley walls to the right in the pasture are pocked with 
a number of shallow holes and depressions, the result of old . lead 
diggings in this area. Some of the holes are fairly sizable. 
Enter the village of Morseville. 
0.4 5.95 The old buildings to the right are constructed of locally derived 
stone. A number of old buildings and foundations here are constructed 
of dolomite from the Galena Group. 
0.1 6.05 STOP. Crossroad. Turn right (south). 
0.4 6.45 CAUTION. Narrow bridge. Do NOT park on bridge or block it. 
0.05 6.5 Stop 2. A quarry exposing the Dubuque Formation, the uppermost chert-
free dolomite unit of the Galena Group (west side of the road, SEt SE~ 
SEt Sec. 25, T. 27 N., R. 4 E., Jo Daviess County; Lena 15' quadrangle ~ 
PLEASE DO NOT ENTER THE QUARRY WITHOUT PERMISSION. Its 
owner, Mr. David Pierce (R.R. 2, Stockton) lives a quarter 
of a mile west of the Morseville intersection. CLOSE GATE. 
Do NOT tear down fence. 
DO NOT WORK UNDER A NEW QUARRY FACE AT THIS STOP OR ELSE-
WHERE. If the rock has been recently blasted, the quarry 
face is shattered and blocks of stone are ready to fall 
at the slightest disturbance. 
Dubuque and Wise Lake Formations - The quarry has been worked at various 
times. The old working face at the east end is slumped and overgrown. The new 
face at the west end exposes about 30 feet of dolomite in beds varying in thickness 
from several inches to about 3 feet. In the upper part of the face, the dolomite 
beds are separated by thin layers of dolomitic shale several inches thick. The 
rock bears traces of galena (a mineral of lead) and fossils of brachiopods, gastro-
pods, straight cephalopods, and Receptaculites. (See the fossil plate in the 
appendix.) The beds are broken by many joints (vertical cracks), several of which 
have been widened by weathering, particularly by the corrosion of down-seeping 
water. The crevices are filled with red clayey material and rotten stone, which 
are the residues of the dolomite dissolved and disintegrated above and along the 
crevice. Such residues are called "geest." 
In this part of the state, dolomite beds may be identified as part of the 
Galena Group of Champlainian (middle Ordovician) age if they contain galena and 
the fossil Receptacult"tes. In the area around Stockton, the Galena Group dolomites 
typically crop out low in the terrain in the bottoms and sides of valleys, as can 
be seen here, and below the flats and gentle slopes formed by the Maquoketa Shale 
Group. The dolomite beds here are identified as being part of the Dubuque and Wise 
Lake Formations--the upper half of the Galena Group--because they contain no chert. 
(The lower half of the Galena Group is cherty.) The upper unit in the quarry is 
identified as the Dubuque Formation, because it consists of thin dolomites inter-
bedded with shales. Beds in the Wise Lake Formation have no shale interbeds, and 
the base of the Dubuque, which grades into the Wise Lake, is picked at the lowest 
distinct shale parting. 
Occurrence of Galena - Galena is a mineral composed of lead and sulfur: 
its chemical symbol is PbS and its composition is 86.6 percent lead (Pb) and 13.4 
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percent sulfur (S). Galena is the principal lead ore in the Upper Mississippi Valley 
zinc-lead mining district, a region that includes this corner of Illinois, the neigh-
boring corner of Wisconsin, and the adjoining part of the Mississippi Valley in Iowa. 
In this district galena and other minerals are found in dolomites and limestones of 
Champlainian (middle Ordovician) age as cavity and crack fillings and as grains 
scattered through the rock itself. (See the article in the appendix, "The Zinc-Lead 
Deposits of Northwestern Illinois," for a more complete discussion.) Cube-shaped 
crystals, "lead" weight, and the shiny, gray metallic luster of a fresh or newly 
scraped surface make galena easy to recognize. 
Collapsed and filled diggings of old lead mines are present north and south 
of the quarry. According to its owner, large pieces of galena were collected in the 
quarry itself when it was last worked. Many dolomite blocks have small patches of 
dull gray galena film on faces that were joint surfaces. A few galena crystals--
cubes and blocky masses generally less than hal~an inch in size--can be picked up 
from the quarry floor and in the geest slumping from the crevices in the quarry face. 
The Formation of Dolomites - Most of the rock called dolomite probably was 
originally deposited as limestone by the chemical precipitation of calcium carbonate 
from sea water and by the accumulation of the calcareous remains of marine plants and 
animals. At some time after their deposition the limestones were changed to dolo-
mites as magnesium ions replaced calcium ions in the atomic structure of the calcium 
carbonate (CaC03) minerals. Depending on how much dolomite--CaMg(C03) 2--it contains, 
a carbonate rock is classified as limestone (0-10% dolomite), dolomitic limestone 
(10-50% dolomite), calcitic dolomite (50-90% dolomite), or dolomite (90-100% dolo-
mite). In pure dolomite the calcium-magnesium ratio is about one to one. Small 
amounts of ferrous iron often replace some of the magnesium in dolomite and, upon 
oxidizing, produce the characteristic light brown color of most weathered dolomite 
formations. Recrystallization also takes place during dolomitization, in many cases 
producing the sucrosic (sugary) texture that is a characteristic of many dolomites. 
~ben dolomite crystals replace calcium carbonate crystals, primary sedimentary tex-
tures and structures, such as current features and fossil remains, are often 
destroyed or, at best, are poorly preserved. 
Geologists do not agree on the origin of the dolomites. Some geologists 
believe that dolomitization takes place soon after deposition, when the unconsoli-
dated, limy sediments are still in contact with sea water. Magnesium in the sea 
water is exchanged for calcium in the sediments by a reaction with the sea water 
that bathes the upper part of the sediments. Other geologists believe that dolomi-
tization takes place after the limy sediments have been consolidated to limestone, 
by a reaction with magnesium-rich water (connate water) that was trapped in the limy 
sediments or in associated sandstones and shales during deposition. Another idea is 
that dolomitization is accomplished by ground water charged with magnesium as it 
percolates through the pores and cracks (joints) in the limestones. A few geologists 
believe that dolomite is precipitated directly from sea water under special environ-
mental conditions and that many dolomites are primary in origin, rather than second-
ary alteration products of limestone. However, the special conditions required for 
primary precipitation of dolomite generally are not found in present-day regions 
where limestone is being deposited in the seas, but quantities of very fine dolomite 
grains are forming in bodies of hypersaline water. Space does not permit an evalu-
ation of the various theories that have been proposed to explain dolomitization. 
Suffice it to say that the problem is not solved. 
o.o 6.5 CLOSE GATE. Leave Stop 2. Continue ahead (south). 
0.1 6.6 T-road from left. Turn left (east). 
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0~55 7.15 CAUTION. Concrete culvert. 
0.3 7.45 CAUTION. Narrow bridge. 
0 0 7 5 8.2 
0.4 8.6 
To the right down the small draw, notice the large, .erratic igneous 
boulders. Many erratics are noted along the stream course here. 
CAUTION. Narrow bridge. 
0.05 8.65 STOP. Crossroad. Turn left (north) on blacktop. 
0.85 9.5 
0 .• 0 9.5 
CAUTION. Dangerous crossroad. 
Stop 3. Exposure of Peoria Loess and Illinoian till on Maquoketa beds 
(SE~ NE~ NEt Sec. 29, T. 27 N., R. 5 E., Jo Daviess County; Lena 15 1 
quadrangle). 
The section of the outcrop illustrated by figure 6 is found 60 feet west 
of the center of the intersection, on the north side of the road. 
Deposition and Erosion of the Maquoketa Beds - The dolomite and shale beds 
in this outcrop were deposited late in the Ordovician Period, which was between 500 
and 440 million years ago. The Ordovician Period is one of the subdivisions of a 
longer interval of geologic time, the Paleozoic Era, which lasted from about 600 
million years ago until about 225 million years ago. 
Throughout the Paleozoic Era, the region that now includes Illinois and 
adjoining states was . below sea level and above it a number of times. When it was 
submerged, the region contained wide, shallow, warm seas. Layers of mud and sand 
brought by rivers into the near-shore parts of these seas were buried by later 
deposits and became shales and sandstones. Lime oozes and shell material deposited 
offshore or away from river mouths became limestones--and sometimes dolomites. In 
this outcrop, the alternations of mud-derived shale and shell-lime-derived dolomites 
reveal that there were times when the water depositing them was muddy and times 
when it was clear--for reasons we are free to speculate about. The fossils in 
these marine beds indicate that sea animals f~und some conditions more favorable 
than others. In short, what rocks are made of and what they contain ma·y reveal 
what the place was like when they were deposited. 
From sometime near the end of the Paleozoic, for more than 225 million 
years with little evident interruption, erosion has been cutting away great thick-
nesses of the Paleozoic beds exposed at the surface of the state. In the · Stockton 
area, over half the upper Paleozoic units present in other parts of the state are 
missing. There are no Devonian, Mississippian, or Pennsylvanian units here, and 
generally all or several hundred feet of Silurian strata is missing. In contrast, 
farther south in East Moline #5 Well (Sec. 25, T. 19 N., R. 1 E., Rock Island 
County), 353 feet of uneroded Silurian is present. 
The lowering of drainage levels after the first Pleistocene glaciation 
caused -further erosion of the Maquoketa beds here, and the glacier that over-rode 
the ridge also rubbed off an unknown thickness. 
Deposition and Erosion of the Pleistocene Beds - The rubbly till was 
evidently deposited during the Illinoian glaciation. The Illinoian was the third 
(and next to the last) of the four known periods of glaciation during which ice 
caps formed in Canada and their southern edges flowed southward into the mid-
continental United States. (See "Pleistocene Glaciations" in the appendix.) 
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QUA TERNARY SYSTEM 
WISCONSINAN STAGE 
Peoria Loess 
Silt • 6" gray topsoil above 18 11 moderate yellow-
brown,silt, leached 
ILLINOIAN STAGE- MONICAN (?) SUBSTAGE 
Till - madera te yellowish brovrn; contains rounded 
quartz & igneous pebbles; leached 
Till - calcareous, dark yellow-orange; contains 
igneous pebbles; largely composed of angular 
dolomite pebbles & cobbles 
ORDOVICIAN SYSTEM 
CINCINNATIAN SERIES 
MAQUOKETA GROUP 
Shale (dusky yellO'ti) Hi th n')dular layers 
and thin beds of dolomite (dark yellow-
ish orange and fossiliferous} exposed 
T'nickness 
(ft, in) 
2 0 
0 10 
3 2 
here and there 14 0 
~North 
x-ray diffraction data 
I 
L 
-
Total 20 
Fig. 6 - Exposure of Peoria Loess and Illinoian till on Maquoketa bed. 
The Illinoian glaciation is thought to have taken place approximately 
between 200,000 and 250,000 years ago, but no way to date the period with certainty 
has yet been devised. The till layers deposited by the Illinoian glaciers in the 
state contain minerals and rocks picked up by the ice as it moved from Canada south-
ward through low places that eventually became the basins that now contain Lake 
Michigan, Lake Erie, and Green Bay. The different layers of till and the landforms 
made by the Illinoian glaciers provide evidence that they flowed out across the state 
and melted back from it three different times. Probably the second Illinoian glacial 
advance, the Monican Stage, deposited the till in this roadcut. This identification 
is not certain, however, because the till layers in northwestern Illinois are discon-
tinuous, seldom exposed, generally not associated with each other or with glacial 
landforms, and remote from well identified sets of till layers. Only recently have 
laboratory studies of the mineral composition of these tills begun to fill the out-
lines of their geology. 
The Illinoian glacier that deposited till in this outcrop moved westward 
across the area, its front presumably advancing to the limit line shown on the route 
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map. As the west-flowing ice pushed up and over this ridge, the dolomite nnd shale 
that it scuffed up from the bedrock in the hill were mixed with the rock and earth 
already embedded in its ice. While the ice was moving, it was probably eroding the 
ridge crest. 
Four feet of Illinoian till remain in this section. More was probably 
deposited but was likely eroded because it may have been exposed to weather for as 
long as 200,000 years before the loess covered it. 
Deposition of the Peoria Loess - The loess on top of the till is wind-blown 
dust deposited between 20,000 and 7,000 years ago in Illinois during the last (Wis-
consinan) glaciation. The dates are well established by radiocarbon dating. 
During the winters in the glacial periods, westerly winds blew dust from 
the dry floodplains of the Mississippi Valley onto the uplands east of the valley. 
The thickness of the loess grades eastward from a maximum of more than 25 feet on 
the bluffs beside the valley to about 8 feet on the east side of Jo Daviess County. 
Loess beds typically thin eastward from their source valleys. Again, the position 
of the loess on the ridge crest here, along with recent cultivation, has permitted 
· erosion to thin it. · 
X-ray Diffraction Analyses of Outcrop Samples - An X-ray diffraction 
analysis determines the relative amounts of clay and carbonate minerals in a sample. 
It is made by rotating a slide made of the finest particles of the sample in an 
X-ray beam and recording the various intensities of radiation reflected by the dif-
ferent minerals in the sample during its rotation. The results of these analyses 
can sometimes be used to identify the layers of drift deposited by different glaciers 
if the deposits of each glacier prove to have regionally distinctive mineral composi-
tion. Such is often the case because each glacier ground the rock and earth it 
picked up into a very homogeneous mixture and because the glaciers that flowed into 
the state came from several different directions and moved over different materials. 
Figure 6 shows the sampled layers of the outcrop and -their carbonate and 
clay mineral compositions. Compare the typical clay composition of the two local 
tills (ISGS Circular 437) with the analysis of Sample 5 (the least weathered in the 
section) and Sample 6 (shale from the Maquoketa Group) ·: 
Exp. Il. K. + c. Total 
Winslow Till Member 37 52 11 (=100%) 
Ogle Till Member (high illite type) 22 68 ' 10 II 
Sample 5 (till) 18 73 9 It 
Sample 6 (shale) 3 93 4 II 
1 
Sample 5 most closely resembles the Ogle Till, but the carbonate and clay mineral 
analysis by itself is not enough to identify this till . specifically. Also needed 
are determinations of the fresh color of the till and its grain sizes--the percent-
ages of gravel, sand, silt, and clay it contains. The color of this particular till 
is not helpful because the till is not fresh. Weathering has oxidized ("rusted") 
· the iron minerals in the till and the rust stain masks the diagnostic color. The 
mixture of grain sizes also is atypical. Instead of the usual pebbly clay, the till 
is mostly dolomite gravel and cobbles--most probably stones scuffed off this ridge. 
Because considerable shale from the Maquoketa must have been pulverized and mixed 
in the glacier's l~ad, the till has a higher illite and lower expandable clay and 
kaolinite + chlorite clay content than is usual in local tills. 
The analysis of the loess shows a typical Peoria Loess composition, one 
which is very unlike that of either the till .bed or the shale--in other words, the 
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loess is different material from a different source. Another evidence of leaching 
in both the loess and till is the absence of calcite in the outcrop samples. Calcite 
may be detected in the field by dripping 10 percent hydrochloric acid down the out-
crop face. Fresh tills and loesses contain large quantities of carbonate minerals, 
and acid causes violent bubbling and fizzing. However, only the lower 3 feet of the 
drift section here fizzes--and then only in a belated and subdued way that indicates 
there is no calcite left, only the less soluble dolomite. 
Glacial Lake Silveria - Perhaps 50,000 years ago, the waters of glacial 
Lake Silveria filled the valley of Yellow Creek, which lies on the north side of 
this ridge. Figure 7 shows the approximate extent of the lake. 
IOWA 
o ..... __ (...__..~ 0 
Miles 
vJHITESIDE 
Fig. 7 - Part of northwestern Illinois shot<Ting the area of Illinoian drift and the extent of the 
Alt~nian glacier at its maximum line of advance. Arrows indicate direction of tee movement. The 
area covered by glacial Lake Silveria and its outlet through Plum River (small arrows) are shown 
by the stippled pattern . 
Glacial Lake Silveria began to form when the advancing Altonian glacier 
dammed the mouth of the Pecatonica Valley at its junction with the Rock River Valley 
near Rockton, in Winnebago County. The lake, fed by meltwater, backed up the Peca-
tonica Valley and its tributaries as the Pecatonica Lobe advanced into the Freeport 
area. The lake flooded a large area in Stephenson County at its maximum extent and 
reached northward into Wisconsin and westward to the Jo Daviess County line. At its 
highest level the lake stood at an elevation of about 870 feet above sea level. At 
this level it overflowed through an outlet into East Plum River about 4 miles south-
east of here. As the Altonian ice melted, an outlet was opened farther east along 
the present valley of Silver Creek. The water poured over a divide at German Valley 
and the lake was lowered to an elevation of about 855 feet. Further melting of the 
glacier opened an outlet to the Rock River Valley across the upland northwest of the 
present site of Rockford in Winnebago County, and the lake was lowered to 805 feet. 
When the Rock River Valley finally became free of ice, the lake was completely drainec 
Lake Silveria lasted for only a short time. Sediments that were deposited 
in the lake are thin in the Stockton area and are preserved mainly along the larger 
valleys. Because the lake was short-lived, no beaches or other Hhore-line features 
are preserved. 
- 14 -
0.0 9.5 CAUTION. Leave Stop 3. Continue ahead (north) on blacktop. · 
1.15 10.65 Crossroad. Turn left onto rock road. 
0.75 11.4 Stop 4. Abandoned quarry in Silurian dolomites· (SW~ SE~ SWt Sec. 17 
and center of N line NWt Sec. 20, T. 27 N., R. 5 E., Jo Daviess County; 
Lena 15' · quadrangle). · 
Thickness 
(ft) 
15 
13 
Kankakee Dolomite Formation- Dol~mite, fine-grained, dense, thin 
and even-bedded; thin irregular interbeds of chert up to several 
inches thick 
Edgewo~d o ~lomite Formation- Dolomite, relatively pure, massive 
bedded; pitted, rough-textured, ·weathered surface; top 10 feet 
glauc0nitic (Tete des Morts) 
Dolomite, argillaceous, thin to thick bedded; bottom half c~vered 
by rubble; base not exposed (Mosalem) 
Fig. 8 - Stratigraphic secti?n at quarry. 
Strata exposed here are not readily discernible on the basis of color, 
but can be fairly easily differentiated .by the texture of the weathered surface, 
the type of bedding, and the presence or absence of chert. For convenience, the 
Edgewood Dolomite has been divided by geologists in Iowa into two units, the Tete 
des Morts and the Mosalem, both of which are recognizable throughout this part of 
Illinois. 
The rocks exposed here were deposited in the early Silurian sea that 
covered the Midcontinent region from 440 to 400 million years ago (see attached 
Geologic Map of Illinois). Only the oldest Silurian rocks are exposed in this area, 
although Niagaran (middle Silurian) strata are exposed less than 40 miles to the 
south. Silurian ·strata have a maximum thickness of about 1,067 fee~ in Illinois. 
The early Silurian sea transgressed over an area of low topographical 
relief that had been developed on the shales of the Cincinnatian {upper Ordovician) 
Maquoketa Group. The low, broad valleys of this old erosion surface were flooded 
first, and much argillaceous material from adjacent higher land washed in and mixed 
with the carbonate sediment that was accumulating. As this ancient sea deepened, 
the irregularities of the old Ordovician landscape were smoothed out and buried by 
the argillaceous carbonate sediments that eventually became Mosalem strata. As 
early Silurian time passed, the sea continued to deepen and clear, as evidenced by 
the purer, massive character of the Tete des Morts carbonate sediments. The Kanka-
kee Dolomite Formation appears to overlie the Edgewood Dolomite Formation here with 
no break in deposition. 
The origin of chert, like the origin of dolomite, is not completely under-
stood by geologists. The chert was apparently not deposited in its present form at 
the same time as the dolomite. Evidence for this is the fact that the chert is 
fossiliferous and also exhibits many of the sedimentary structures that are in the 
dolomite. Therefore, the chert appears to have replaced the dolomite. Colloidal 
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and finely divided silica were probably deposited as the siliceous hard parts of 
sponges and microscopic plants and animals. Later, after solidification of the 
dolomites (or of the limestone, which later changed to dolomite), this disseminated 
silica was dissolved, concentrated by solution, and redeposited as the irregular 
bands and nodules that are now present. 
Note that this quarry has been used for dumping trash. This has been a 
fairly widespread problem in Illinois, particularly before the enactment of legis-
lation that placed regulation of solid-waste disposal under the jurisdiction of the 
State Environmental Protection Agency. Uncontrolled disposal of wastes in conven-
ient quarries and pits degrades the environment in several ways. It is unsightly, 
it commonly breeds rats and flies, and it sometimes pollutes streams and the ground-
water reservoir. In the case of disposal of wastes in limestone quarries such as 
this one, inspection of the walls of the quarry reveals one of the possible dangers 
that is present in many limestone terranes: the danger that contaminants can enter 
the ground through open joints and cracks and travel unimpeded down to the ground-
water reservoir. Under such conditions, contaminated ground water can move sub-
stantial distances without filtration or any other purifying action. 
Most of the container materials disposed of here, and in many other solid 
waste disposal facilities, could by recycled for future use. They represent a loss 
of metallic resources, as well a~ a loss of energy in their production. 
0.0 11.4 Leave Stop 4. Continue ahead (west). 
1.15 12.55 Note exposure of shales of the Maquoketa Group along road shoulder. 
0.2 12.75 
0.1 12.85 
0.2 13.05 
0.7 13.75 
1.05 14.8 
No fossils noted. Descend hill. 
CAUTION. Crossroad. Turn right (north) on rock road. 
Exposure of Maquoketa in roadcut on right side. No fossils noted. 
The knob directly ahead, about 2 miles, is Simmons Mound. 
Crossroad and railroad crossing. Turn left on rock road before rail-
road crossing. 
T-road intersection. Turn right (north) and enter Stockton on South 
Simmons Street. 
0.35 15.15 CAUTION. Railroad grade crossing (Chicago and Northwestern Railroad}. 
Continue ahead (north). 
0.6 15.75 Turn left (west) on East Summit Avenue. 
0.25 16.0 
0.1 16.1 
STOP. North Main Street, Route 78. Jog right and then left from East 
Summit Avenue to West Summit Avenue. 
CAUTION. Turn left (south) on North Pearl Street. 
0.05 16.15 Turn right (west) on West Summit Avenue. 
0.05 16.2 Stop 5. LUNCH. Stockton City Park. 
0.0 16.2 Leave Stop 5. Continue ahead (west). 
0.05 16.25 Turn right (north) on North Rush Street. 
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0.2 16.45 STOP. Intersection U.S. Route 20. USE EXTREME CAUTION. Tu~n left 
on Route 20. 
0.6 17.05 Shales of the Maquoketa exposed in roadcut on the right. 
0.4 17.45 PREPARE TO TURN RIGHT. 
0.05 17.5 Crossroad. Turn right (north) on rock road. USE EXTREME CAUTION. 
0.5 18.0 T-road. Turn right (east) on rock road. 
0.1 18.1 Roadcut on the left exposes Ordovician and Silurian bedrock strata. 
0.15 18.25 Stop 6. Roadcut exposure of Ordovician Maquoketa and Silurfan Edgewood 
and Kankakee strata. North side of road (SE\ SW~ NE\ and SW\ SE\ NE\ 
Sec. 3, T. 27 N., R. 4 E., Jo Daviess County; Elizabeth 15 1 quadrangle) 
Weathering and Mass-Wasting - As soon as rock is exposed to the elements 
and made accessible to living things, it begins to disintegrate, the complex of 
processes causing disintegration being called "weathering." In the Driftless Area, 
weathering has created a mantle of broken rock and earth material that conceals the 
bedrock, except in deeper stream valleys and man-made excavations. This mantle of 
weathered rock stuff forms continually and keeps on breaking down. Where the 
porous mantle stays in place long enough, soil zones develop whose layers of dif-
ferent colors and textures reveal several stages of disintegration caused by 
weathering agents entering from the surface. The roadcut at the top of the hill 
exposes such a set of soil zones--a soil "profile"--and shows in layers the progres-
sive stages of disintegration upward from the bedrock in the bottom of the ditch to 
the topsoil under the grass. Weathering that deeply penetrates the rock along 
joints is exemplified by the several geest "veins" that show in the outcrop. 
Where the weathered mantle develops on slopes, it creeps downslope 
steadily--most of the time imperceptibly as it is doing now, sometimes in a visible 
and spectacular landslide or slump. Every particle in the slope is impelled down-
slope by gravity whether it is dislodged by a groundhog, is wedged out of place by 
freezing water, or is lubricated by water and slides by its own weight or the 
weight of others above it. This general process of gravity-compelled movement of 
earth material is called "mass-wasting." Other terms are used to describe specific 
instances of mass-wasting: "creep" has brought the large dolomite blocks in the 
pasture 60 feet and more downhill from their outcrop; ''slumped" rubble and geest 
cover the ditch outcrops in places. All mass-wasting activity has implications for 
those who like to build weighty structures on hills. 
The Outcrop - In the road ditch is an unusual exposure of the bedrock 
interval that contains the contact between the Ordovician and Silurian Systems. 
Figure 9 and the following stratigrap~ section describe the exposed strata. Color 
names are taken from the Rock-Color Chart (GSA) and refer to the wet color of the 
rock. Because the outcrop is badly weathered, the dolomites are nearly all the 
same color. 
SILURIAN SYSTEM 
Alexandrian Series 
Kankakee Formation 
Dol~mite, yellowish orange, thin bedded; breaks into chips and 
thin slabs; very fine grained {earthy surface), dense, 
Thickness 
{ft, in) 
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smooth; contains silt/sand and chert . 
(This unit is exposed in the hill crest and is the 
s urce of the abundant cherts that litter the sl~pe. 
Note the striking differences between the textures 
of this unit and the ~ne bel~w. The silicified 
coral fragments in the rubble ~n the hill come from 
~ne of the Silurian beds.) 
Edgewo d Formation 
Dolomite (called the Tete des Morts in I~wa), dark yellovrish "range 
mottled with yellowish orange; lighter part is very fine grained 
and dense, darker part is granular-crystalline, por,us, and more 
calcitic; massive bedding; vrea the red surfaces deeply pitted; 
upper part has scattered green grains of glauconite (visible at 
6+ 
lOX); contains silt/sand. 25 
(Large blocks of the dol,mite have crept down this 
hill and others are visible on the hill to the 
northeast. In other places the unit forms cliffs. 
Pitted surfaces and the glauconite grains are 
identifying features.) 
Covered interval, presumably underlain by the Mosalem unit exposed 
below 18 
Dolomite (called the M"salem in Iowa), dark yellowish orange; thin 
bedded, very broken, very fine grained. dense, calcitic; contains 
silt/sand • 2 
{The unit is a zone l)f broken beds at the t"P of 
the shale below.) 
ORDOVICIAN SYSTEM 
Cincinnatian Series 
Maqu'>ke ta Group 
Shale, greenish gray 
Shale, dl')lomi tic, dusky yellovl, we a the red into thin plates and chips; 
contains silt/sand; grades into unit below • 
{These two shales contain S'l-called "bryozoan bis-
cuits" l-Ihich are representatives of the bry'>zoan 
Prasop ')ra.) 
Dolomite, calcitic, yellowish orange, platy, very fine grained; 
earthy surface; contains silt/sand 
Shale, pale olive with rusty mottling; massive {from weathering?); 
contains interbedded dol mite nodules and plates • 
Covered interval • 
Dolomite (same as that exposed in Stockton Quarry, Stop 1), calcitic, 
dark yellowish orange; massive beds up to 1 foot thick with uneven 
bedding surfaces; granular-crystalline, porous; contains silt/sand, 
rust flecks, and stains; 411 shale parting a foot ab ve base, green-
1+ 
1 
2 
2 
1 
ish gray shale pebbles in l l)vTerm'>st inch 9 
6 
6 
Total measured thickness 68 4 
pole 
--->-East 
70-
~ 6G-
-
cP 
EDGEWOOD FORMATION, 45 1 
d~l~mite {called Tete des Morts}, 25' ~/ '7---L I geest in crevice filling~~...;;/- 7-,;---:1 1 ~ _ 
Tete des Morts slump c:;;cC oCr 
slump blocks--:::> ~~t::Y:? dolomite (called Mosalem), 20 1 est • 
. ....:-~, ______- ,coO 
·-r- /~ ~ q I ??3::--r 
--·J ~~..L.JL.:ol~i te, 2~, shale (P;:;;;c,p;;;;-zone}, 2~' -- -- --:__~~~=ti-T- shale, 3!'.± ./~;~-·-~- do~o~ite (Stockton Quarry beds), 9' 
4o-
2<r- SILURIAN SYSTEM 
ORDOVICIAN SYSTEM 
MAQUOKETA GROUP, 17~' 
10 '+ 200 ',:t 300 r ± 40 '+ 
Horizontal distance (ft) 
Fig. 9 - Cross section of Ordovician and Silurian strata exposed in r oad ditch at Stop 6 (section extends from about 75 feet east 
of the barn to the hill crest along north side of road}. 
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0.0 18.25 Leave Stop 6. Continue ahead (east). 
0.05 18.3 
0.5 18.8 
0.8 19.6 
Large blocks of Silurian (Tete des Morts) dolomite on either side of 
road. They have slipped downhill over the Maquoketa shale, which is 
slick when wet. 
T-road from left. Turn left (north). 
T-read. Turn right (east). Large blocks of Silurian dolomite (Tete 
des Morts) occur to the left up the slope. Although some blocks have 
slipped downhill, others remain at the crest of the ridge. 
0.65 20.25 Y-intersection. Bear right (southeast). 
0.6 20.85 STOP. Crossroad. Turn left (north). 
0.7 21.55 The itinerary along here is very close to the glacial boundary. 
0.75 22.3 
0.7 23.0 
0.1 23.1 
0.3 23.4 
Crossroad. Turn left (west). 
CAUTION. Narrow bridge. 
Galena dolomite exposed in roadcut on the left. 
Stop 7. Quarry operating in Ordovician (Galena Group) Dubuque and 
Wise Lake Formations (NE~ NE~ NE~ Sec. 27, T. 28 N., R. 4 E., Jo 
Daviess County; Elizabeth 15' quadrangle). 
DO NOT enter quarry without permission of owner Merle Krogman, Rural 
Route 1, Stockton, Illinois 61085, first house to the east (0.1 mile) on north 
side of road. Quarry operated by Rees Construction Company, Monroe, Wisconsin 
53566. 
This quarry, like the one at Stop 2, works the dolomites at the top of 
the Galena Group. The base of the Maquoketa would be a few feet above the top of 
the beds in the quarry. Note on the route map that the ridge extending from Benton 
Mound is less than a mile to the southwest. As the upper 100 feet or so of the 
highest part of the ridge is Silurian, the gentle slope between the steepest slope 
of the ridge and this point is underlain by Maquoketa shales. 
The quarry face is about 25 feet high. The Dubuque Formation makes up 
about the upper 15 feet; the Wise Lake Formation, the lower 10 feet or more. The 
older working face on the east side of the quarry shows the division between the 
units better than the new face because the shale beds in the Dubuque have washed 
out from between the thin dolomite beds to a greater extent and the thin dolomites 
stand out in relief. 
Single beds of Dubuque dolomite seem not . to be more than a foot thick 
and consist of dense, very fine-grained, crystalline rock that is weathered to 
.various tones of yellowish orange. The dolomite contains silt or sand. The shales 
have weathered to tones of yellowish orange but have light gray streaks. They are 
hard, flaky dolomitic layers containing silt or sand. 
The dolomites in the Wise Lake Formation seem to be indistinguishable 
from the Dubuque dolomites except that they have no shale partings: the Wise Lake 
dolomites also are dense, very fine-grained, crystalline rocks containing silt or 
sand. 
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Both units contain fossils. Large lumps of crystalline calcite, -which 
are evidently crevice fillings, are common in the piles of shot (blasted) rock. 
0.0 23.4 
0.5 23.9 
0.7 24.6 
0.2 24.8 
CLOSE GATE. Leave Stop 7. Continue ahead (west). 
Benton Mound to left. 
CAUTION. Narrow bridge. 
Stop 8. Regional geomorphology (N~ SEt NWt NE\ Sec. 28, T. 28 N., 
R. 4 E., Jo Daviess County; Elizabeth 15' quadrangle). 
The topography of the field trip area has had a long history of develop-
ment. Since the last Paleozoic sea withdrew at the end of the Pennsylvanian Period, 
about 270 million years ago, the Upper Mississippi Valley region has remained a land 
area. During this long erosion interval, many hundreds of feet of Paleozoic strata 
have been stripped away. During the Pliocene Epoch, between 11 million and 1 millie~ 
years ago or so near the end of the Tertiary Period, the region was reduced to an 
erosional plain of very low relief, which has been called the Dodgeville Peneplain. 
A peneplain is a land surface that has been worn down by stream erosion 
and mass-wasting to a low, nearly featureless plain. Such an erosion surface would 
require a very long time to develop, and bedrock structures, such as anticlines, 
would have no marked expression on the topography but would be uniformly beveled. 
Within the field trip area, the slope of the Dodgeville Peneplain and the 
dip of the Silurian dolomite are nearly the same. The erosion surface corresponds 
approximately to the dipslope. This fact is used by some geologists· to argue that 
the upland surface is not a peneplain at all but a stratigraphically controlled 
feature that formed when strata less resistant than the Silurian dolomite were 
stripped away. However, northward in Minnesota and Wisconsin the surface bevels 
Ordovician strata, which dip more steeply. 
In the Driftless Area of Wisconsin, the Dodgeville surface is well pre-
served. In Jo Daviess County, Illinois, the peneplain has largely been eroded and 
only remnants are preserved on flat-topped ridges and isolated knobs of Silurian 
dolomite (fig. 10}. When the tops of these Silurian flats are joined by an imagi-
nary plane, a surface representing the former peneplain is formed; it slopes gently 
southwestward from about 1,150 to 1,000 feet above sea level. 
Q) M 
r-i Q) 
p. > 
p. •r-1 
~ r:x: 
~ S11 
1100 -
700 
~N-
9 Miles ? 
JO DAVIESS 
COUNTY 
CARROLL 
COUNTY 
Fig. 10 - Cross secti~n showing D~dgeville {D) and Lancaster (L) erosi~n surfaces in northwestern 
Illinois and their relations to bedr?ck structure. Line ~f section is fr~m · A~ple· River to 
Stockton to Lanark. Dr, Glacial drift; Sil, Silurian dolomite; Maq, Maquoketa shale; Gal, Galena 
dol,m1 te ;. Pv, Platteville dol~m1 te. 
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After the Dodgeville Peneplain was formed, the region was uplifted and 
another erosional surface called the Lancaster Peneplain was eroded on the bedrock 
about 200 feet lower than the Dodgeville. The Lancaster Peneplain is extensiijely 
preserved on the bedrock surface of northern Illinois. It is well developed in the 
Driftless Area, and east of that it is a gently undulating surface covered by the 
glacial deposits. It coincides with the top of the Galena Dolomite and slopes south-
westward from about 950 to 800 feet above sea level. Stockton is near the southern 
edge of the Lancaster Peneplain in the area. The Lancaster surface is evident by 
the evenness of the horizon toward the west, north, and east. This even appearance 
of the skyline is caused by the merging of nearly equal summit levels when viewed 
from a distance. 
The present topography of the Stockton area is the result of stream dis-
section of the Lancaster Peneplain during the Pleistocene glaciations and of modifi-
cation of the dissected surface by glacial deposits. The Driftless Area is more 
rugged than adjacent areas because it was not glaciated. However, its mature topog-
raphy is not a preglacial erosion surface as formerly believed. It was also eroded 
during the Pleistocene. 
The relief of the bedrock surface is closely related to the establishment 
of the Mississippi Valley through the region during Nebraskan glaciation. Maximum 
relief was probably developed during the early part of the Kansan glaciation when 
the valley was eroded to its maximum depth by Kansan meltwater . . After that, the 
valley was alternately aggraded by o·utwash during subsequent glacial periods and re-
excavated during interglacial intervals. 
In the glaciated area to th~ east and south, till and outwash were · 
deposited on the bedrock surface during the Illinoian glaciation. Loess was 
·deposited on the uplands throughout the Upper Mississippi Valley region during the 
Illinoian and Wisconsinan glaciations. Deposition of a thick valley train in the 
Mississippi Valley during the late Wisconsinan Woodfordian and Valderan glaciations 
aggraded the valley to a level approximately 30 feet above its present floodplain. 
This aggradation also resulted in alluviation of the tributary valleys. Since the 
last glacier melted away, the Mississippi River and its tributaries have · entrenched 
their valleys in the Wisconsinan alluvial deposits. 
Stop 8 is located on the north flank of Benton Mound about 130 feet below 
the crest, which is slightly above 1,220 feet msl. The mound, an erosional remnant 
about 3~ miles northwest of Stockton, has been protected from complete removal by 
a Silurian dolomite cap that is as much as 100 feet thick. 
Other prominent knobs are visible in the distance. Six miles north-
northwes-t at an elevation of 1,180 feet msl is a set of three small knobs that· 
obscure the village of Apple River about another mile to the northwest. Mt. Sumner, 
1,160 feet above msl, is located 6\ miles to the northwest from Stop 8 and lies in 
front of Squirrel Grove and Hudson Mounds, which also are slightly higher than 1,160 
feet. Charles Mound, with an elevation of 1,241 feet msl, is the highest land sur-
face in Illinois and can be seen some 12 . miles away slightly to the left (northwest) 
of the other mounds. Because several mounds and ridges between here and Charles 
Mound are more than 1,100 feet, the latter does not stand out prominently on the 
horizon. The majority of these mounds represent the Dodgeville Peneplain surface 
remnants. 
The gently rolling upland below Stop 8, the Lancaster Peneplain, is 
developed on top of the Galena Dolomite and in a few places upon the lower parts 
of the Maquoketa Shale. The higher land trending northwest from this stop once was 
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the drainage divide between eastward-flowing streams that were tributary to Peca-
tonica River and westward-flowing streams that drained into the Mississippi River. 
The divide was breached during glacial times and some of the drainage on the east 
was pirated (diverted) to the west via Apple River (more details on the drainage 
will be presented at Stop 9). 
Although not directly visible from here, Apple River Canyon is below the 
tree line and extends from about 2t miles west to 3~ miles north. Apple Canyon 
Lake dam is about 6 miles to the west-northwest on Hells Branch. 
0.0 24.8 Leave Stop 8. Continue ahead (west). 
0.2 25.0 STOP. Intersection with blacktop. Turn right (north). 
1.9 26.9 Maquoketa exposed in roadcut. Nonfossiliferous. 
0.3 27.2 Nonfossiliferous Maquoketa exposed in roadcut. 
0.6 27.8 Nonfossiliferous Maquoketa exposed in roadcut. 
0.3 28.1 CAUTION. Descend hill in Apple River Canyon State Park. 
0.05 28.15 Shaly Dubuque Formation limestone and dolomite on the left. 
0.2 28.35 Wise Lake Formation dolomite exposed on both sides of road. 
0.1 28.45 Enter S-curve. Dolomite to the right is noncherty Wise Lake. 
0.05 28.5 Dunleith Formation cherty dolomite on both sides of road. 
0.05 28.55 Entrance to parking area on right. Turn right and park. 
0.0 28.55 Stop 9. Discussion of Galena Dolomite Group and Apple River drainage 
changes (SWt NW\ SE~ and W~ SW~ SE~ Sec. 4, T. 28 N., R. 4 E., Jo 
Daviess County; Elizabeth 15 1 quadrangle). 
Dolomite Units of the Galena Group - Figure 11 identifies the outcrops 
passed on the way downhill on the last half mile of the itinerary. All but the 
Dunleith Formation have been exposed at previous stops. About 10 feet of the 
Dubuque crops out beside the road at mileage 28.15, near the top of the hill. The 
dolomite beds are 4 to 12 inches thick and are separated by shale beds up to 6 
inches thick. The base of the Maquoketa Group is within a few feet of the top of 
this outcrop. 
The Wise Lake Formation crops out in several places farther down the hill. 
The base of the formation is evidently at the top of the nodular chert band in the 
outcrop at mileage 28.45 as the Wise Lake is essentially chert-free. The approxi-
mate elevation of the Wise Lake - Dunleith contact is 830 feet. The total thickness 
of the chert-free formations of the Galena Group--the Dubuque and Wise Lake--is 
ab'out 110 feet. 
The Dunleith Formation forms the cliffs along the river across from this 
stop. About 45 feet of Dunleith is exposed in the cliffs, less than half of the 
formation's thickness. Bands of chert nodules are conspicuous in the Dunleith. 
A bed of dolomite containing numerous Receptaculites occurs several feet above the 
base of the cliff across the river and west of the road intersection. This layer 
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Fig. 11 - Geologic cross section along road entering Apple River Canyon showing itinerary mileages 
opposite outcrops. 
is the Middle Receptaculites Zone. This zone and two others have long been used by 
lead miners and geologists to identify the various dolomite layers of the Galena 
Group. The zones occur consistently at the same levels. The Lower Receptaculites 
Zone is near the base of the Dunleith, the Middle Zone is near its top (about 30 feet 
from the top here), and the Upper Zone is near the middle of the Wise Lake Formation. 
Apple River Drainage Changes - 'Figure 12 A, B, and C and the accompanying 
text explain the series of events that have created the present-day drainage and Apple 
River Canyon. 
Fig. 12 A - Pre-Illinoian drainage. 
Figure 12 A. Pre-Illinoic 
Drainage - Two networks of streams 
drained the area northwest of Stock· 
ton before Illinoian time, one flow-
ing southwest and the other south-
east. The two systems were separatE 
by a drainage divide trending north-
west-southeast that was underlain b; 
resistant dolomite of the Galena 
Group. The divide crossed the area 
a short distance to the southwest oi 
Stop 9. Tributary streams joined 
master streams with "V's" pointing 
downstream. Headward growth of a 
tributary from the northeast (E) anc 
one from the southwest (W) produced 
a slight low area, or sag, across 
the crest of the divide. Valley 
walls widened and became less steep 
toward the southeast and the south-
west along the major streams. 
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Fig. 12 B- Illinoian drainage. 
walls up to 200 feet high, and is straight 
(gradient) of the canyon floor is about 20 
streams in the area. 
!est Fork 
Apple R. 
0 
Fig. 12 C- Post-Illinoian drainage. 
Figure 12 B. Illinoian 
Drainage - The Illinoian glacier 
advanced westward to the vicinity 
of Stockton, blocking the drainage 
that flowed to the southeast. A 
lake formed upstream, to the north-
west. The lake level rose quite 
high because of the addition of rive 
water and meltwater from the glacier 
Water backed up into the tributaries 
and rose high enough to flow over 
the low sag developed in the drain-
age divide by the two tributaries 
(E and Win Figure 12 A). Downcut-
ting through the divide was hastened 
by the hard, abrasive rock fragment s 
carried in the torrents of water. 
Continued downcutting of the divide 
eventually drained the lake and pro-
duced a narrow outlet channel or 
canyon that is no more than a quarte 
of a mile wide at the top, has steep 
for a distance of about 5 miles. The slope 
feet per mile, or about twice that of other 
Figure 12 C. Post-Illi-
noian Drainage - Blockage of the 
southeast-flowing stream has per-
sisted because the glacier smeared 
till across the area and buried its 
valley. South Fork drainage has 
been reversed and is quite small in 
relation to the size of its valley, 
which narrows downstream to the 
northwest. Tributaries in this 
stream segment now join the larger 
stream with their V's pointing up-
stream, the reverse of their pre-
Illinoian direction. The valley of 
the West Fork is in keeping with the 
size of its stream, becoming wider 
downstream, and its tributaries joi~ 
it with v•s pointing downstream. 
The stream and its valley northwest 
of the canyon are crooked, as the 
valley is below the canyon, which 
indicates that these portions of th~ 
stream are much older in their development than the canyon segment. The walls of the 
canyon remain steep (vertical in most places) because of the Galena Dolomite's 
resistance to lateral erosion. The canyon bottom is generally water-filled, even 
during dry weather. Tributaries to the canyon are few, short, and unbranched. 
End of trip. 
APPENDIX 
PLEISTOCENE GLACIATIONS IN ILLINOIS 
Origin of the Glaciers - During the past million years--the time called the 
Pleistocene Epoch--most of the northern hemisphere above the 50th parallel has been 
repeatedly covered by glacial ice. Four different times, ice caps formed in sub-
arctic regions and spread outward until they became ice sheets that covered northern 
parts of Europe and North America. In North America the four glaciations, in order 
of occurrence from the oldest to the youngest, are called the Nebraskan, Kansan, 
Illinoian, and Wisconsinan Stages. In the following pages the limits and times of 
the ice movement in the state are illustrated by several figures. 
The North American ice sheets developed in parts of eastern and central 
Canada during periods when the mean annual temperature was perhaps 4° to 7° C. (7° -
13° F.) cooler than it is now and winter snows did not completely melt during the 
summers. Because the cooler periods lasted tens of thousands of years, thick masses 
of snow and ice accumulated to form ice caps. As the ice caps thickened, the great 
weight of the ice and snow piled in them caused their margins to flow outward, often 
for hundreds of miles. Ice caps and sheets evidently changed the climates of the 
regions they occupied, and the areas of snow accumulation probably grew as the ice 
sheets expanded. 
Tongues of ice--lobes--grew from the faster spreading margins of the ice 
sheets and s·ome flowed southward from the Canadian centers around Hudson Bay and 
converged in the central lowland between the Appalachian and Rocky Mountains. In 
the lowland, which has since Paleozoic times held the courses of America's largest 
river systems, the glaciers made their farthest advances to the south. The sketch 
on the next page shows several centers of flow, the southern extent of glaciation, 
and the general directions of flow from the centers. Because Illinois lies entirely 
in the central lowland, it has been invaded by glaciers from every center--from the 
first glaciation about a ~illion years ago, to the last, a mere 12,500 years ago. 
Effects of Glaciation - Pleistocene glaciers and the waters melting from 
them changed the landscapes they covered. The glaciers scraped and smeared the 
landforms they overrode, leveling and filling many of the minor valleys and even some 
of the larger ones. Moving ice carried colossal amounts of rock and earth, for much 
of what the glaciers wore off the ground was kneaded into the moving ice and carried 
along, often for hundreds of miles. 
about 90 percent of the 
residents. 
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The continual floods shed by melting ice 
trenched new drainageways, deepened old ones, partly 
refilled both with sediments, and washed great quantities 
of rock and earth beyond the glacier fronts. According 
to educated guesses, the amount of water drawn from the 
sea and changed into ice during a glaciation was probably 
enough to lower sea level to somewhat more than 300 feet 
below present level. Consequently, the volume of melt-
water available in a continental ice sheet to erode and 
transport sediment is so great that it is difficult to 
imagine. 
In most of Illinois, then, glaciers and their 
meltwaters buried the old rock-ribbed, low, hill-and-
valley terrain and created the flatter landforms of our 
prairies. The mantle of soil material and the deposits 
of gravel, sand, and clay left by the glaciers over 
state have always been of incalculable value to Illinois' 
Glacial Deposits - The deposits of earth and rock materials moved by a 
glacier and deposited as the glacier advances or melts are collectively called 
drift. Drift that is thought to be ice-laid is called till. Water-laid drift is 
called outwash. Pleistocene glaciations created many till and outwash forms that 
can still be recognized. 
Ice-laid drift--till--is deposited when earth and rock carried in the 
bottom of the ice are scraped off and plastered down, or when a glacier melts and 
the rock and earth it carries slumps to the ground. Because its sediments are not 
moved much by water, a till is unsorted (contains particles of different sizes and 
compositions) and unstratified (unlayered). A till may contain materials ranging 
in size from microscopic clay particles to large boulders. However, tills in 
Illinois generally occur as pebbly clays. 
Tills may be deposited as end moraines, the arc-shaped ridges that pile 
up along the glacier edges where the~owing ice cannot move the ice front forward 
--perhaps the ice is melting as fast as it moves forward, or perhaps the front is 
lodged on a ridge or slope. Till also may be deposited as ground moraines, or till 
plains, which are gently undulating sheet deposits dropped in place when the ice 
stagnated. Deposits of till identify places once covered by glaciers. Northeastern 
Illinois has many alternating broad ridges and level tracts, which are the succes-
sion of end moraines and till plains deposited by the Wisconsinan glacier. 
Sorted and stratified drift carried into place by water melting from the 
glacier is called outwash. As a meltwater stream washes the drift sediments along, 
it sorts them by size--lighter sands and clays are, as a rule, carried farther 
downstream than heavier gravels and cobbles. Outwashes are bedded or layered 
because the flow of water depositing them changes. If the flow of water dropping 
sand in a particular place increases and runs faster, the water can carry heavier 
sediments farther and, perhaps, deposit gravel on the sand. Typically, Pleistocene 
outwashes in Illinois are multi-layered beds of clays, silts, sands, and gravels 
that look much like modern stream deposits. 
Outwash deposits are found in the area covered by the ice field and 
sometimes far beyond it. Because meltwater streams run off the top of the glacier 
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and in cracks under the ice, outwash features can be found where the glacier lay. 
In some places, the cobble-gravel-sand filling of the bed of a stream that flowed 
in the ice is preserved on the till plain as a sinuous ridge called an esker. Cone-
shaped mounds of coarse outwash, called kames, are formed where meltwater plunged 
through crevasses in the ice or into ponds along the edge of the glacier. 
The finest outwash sediments, the clays and silts, formed bedded deposits 
in the ponds and lakes that filled glacier-dammed stream valleys, the sags of the 
till plains, and some low, moraine-diked till plains. Meltwater streams entering a 
lake quickly lose speed and almost immediately drop the sands and gravels they 
carry, forming deltas at the edge of the lake. Very fine sand and silts are moved 
across the lake bottom by wind-generated currents, and the clays, which are trans-
ported in the water the longest, slowly settle out and accumulate with them. 
Everywhere along the ice front, meltwater runs off in innumerable shifting 
and short-lived streams that lay down a broad, flat blanket of outwash that forms 
an outwash plain. Outwash is also carried away from the glacier in rivers cut by 
floods of meltwater. The Mississippi, Illinois, and Ohio Rivers were major channels 
for meltwaters and were greatly widened and deepened during times of the greatest 
meltwater floods. When the floods waned, these valleys were partly filled with 
outwash far beyond the ice margins. These outwash deposits, largely sand and gravel, 
are known as valley trains. Valley trains may be extensive and thick deposits. For 
instance, the valley train of the Mississippi Valley is more than 200 feet thick 
along much of its length. 
Loess and Soils - One of the most widespread sediments associated with 
glaciation was carried, not by ice or water, but by wind. Loess, the name given to 
such deposits of wind-blown silt and clay, covers the surface of most of Illinois. 
The silt was blown from floodplains of the valley trains. Most loess deposition 
occurred in the fall and winter seasons, when cold temperatures stopped the thawing 
and caused meltwater floods to recede, exposing the surfaces of the valley trains 
and permitting them to dry out. During Pleistocene time, as now, the west winds 
prevailed, and the loess deposits are thickest on the east sides of the source 
valleys. The loess thins rapidly away from the valleys. 
Each Pleistocene glaciaticn was followed by an interglacial stage that 
began when the climate warmed enough to melt the glaciers and their snowfields. 
During these warmer intervals, when the climate was similar to that of today, drift 
and loess surfaces were exposed to weather and used by living things. Consequently, 
over most of the glaciated terrain that was above water, soils developed on the 
Pleistocene deposits and changes in composition, color, and texture took place in 
zones beneath their surfaces. Often such soils were destroyed by later glacial 
advances, but if they survive, they serve as keys to the identity of the covering 
beds and are evidence of the p8ssage of a long interval of interglacial time. In 
the glaciated parts of Illinois, the sides of almost every new roadcut and ditch 
show soil and '~eathering zones as wide bands in tones of brown, red, yellow, or 
gray. 
SEQUENCE OF GLACIATIONS AND INTERGLACIAL 
DRAINAGE IN ILLINOIS 
I. 
NEBRASKAN 
inferred glacial I imit 
LIMAN 
glacial advance 
ALTON IAN 
glacial advance 
6. 
AFTON IAN 
major drainage 
MONICAN 
glacio I advance 
WOODFORDIAN 
glacial advance 
KANSAN 
inferred glacial limits 
JUBILEEAN 
glacial advance 
WOODFORDIAN 
Valparaiso ice and 
Kankakee Flood 
YARMOUTH IAN 
major drainage 
SANGAMONIAN 
major drainage 
VALDERAN 
drai noge 
(From Willman and Frye, "Pleistocene Stratigraphy of Illinois," ISGS Bull. 94, 
fig. 5, 1970. ) 
TIME TABLE OF PLEISTOCENE GLACIATION 
STAGE 
HOLOCENE 
WISCONSINAN 
(4th glacial) 
SANGAMONIAN 
(3rd interglacial) 
ILLINOIAN 
(3rd glacial) 
YARMOUTH IAN 
(2nd interglacial) 
KANSAN 
(2nd glacial) 
AFTON IAN 
(1st interglacial) 
NEBRASKAN 
(1st glacial) 
SUBSTAGE 
Years 
Before Present 
7,000 
Valderan 
~ 11,000 
Twocreekan 
r-- 12,500 
Woodfordian 
I-- 20,000 
Farmdalian 
-
28,000 
Altonian 
75,000 
200,000 
Jubileean 
Monic an 
Liman 
250,000 
600,000 
700,000 
900,000 
1,000,000 
(Illinois State Geological Survey, 
NATURE OF DEPOSITS 
Soil, youthful profile 
of weathering, lake 
and river deposits, 
dunes , peat 
Outwash, lake deposits 
Peat and alluvium 
Drift, loess, dunes, 
lake deposits 
Soil, silt, and peat 
Drift, loess 
Soil, matur~ profile 
of weathering 
Drift, loess 
Drift, loess 
Drift, loess 
Soil, mature profile 
of weathering 
Drift, loess 
Soil, mature profile 
of weathering 
Drift 
1971) 
SPECIAL FEATURES 
Outwash along 
Mississippi Valley 
Ice withdrawal, erosion 
Glaciation; building of 
many moraines as far 
south as Shelbyville; 
extensive valley trains, 
outwash plains, and lakes 
Ice withdrawal, weathering 
and erosion 
. 
Glac ia t i on i n nor the rn 
Illinois, valley trains 
along ma jor rivers 
Glaciers from northeast 
at maximum reached 
Mississippi River and 
nearly to southern tip 
of Illinois 
Glaciers from northeast 
and northwest covered 
much of state 
Glaciers from northwest 
invaded western Illinois 
ILLINOIS STATE GEOLOGICAL SURVEY 
John C. Frye, Chief Urbono,lllinois 61801 
GLACIAL MAP OF ILLINOIS 
H.B. WILLMAN and JOHN C. FRYE 
1970 
Modified from mops by Leverett (1899), 
Ekblaw (1959), Leighton and Brophy (1961), 
Willman et al.(l96n, and others 
EXPLANATION 
HOLOCENE AND WISCONSINAN 
~ Alluvium, sand dunes, 
and grovel terraces 
WISCONSINAN 
~ Lake deposits 
WOODFORDIAN 
Moraine 
~ Front of morainic system 
l;,·r:i~;:~l;·i~5~l·:\{l,i.j Ground moraine 
ALTONIAN 
~ttttJ Till plain 
ILLINOIAN 
[ill] Moraine and ridged drift 
EJ Groundmoraine 
KANSAN 
m Till plain 
ORIFTLESS 
Modified from Bull. 94.-pl.2 
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THE ZINC-LEAD DEPOSITS OF NORTHWESTERN ILLINOIS 
Location 
The principal mineralized area in which the zinc-lead deposits in north-
western Illinois have been found occurs in Jo Daviess County in a belt from 5 to 
10 miles wide and 15' miles long, extending approximately northeast through Galena 
from the Mississippi River to the Wisconsin line. Lead ore has been mined at 
other places in Jo Daviess County, such as near Elizabeth, Apple River, and Warren. 
These occurrences increase ·the knQwn min~ralized district to include most of the 
county. Small amounts of lead ore - a~e also reported to have been mined outside 
of this area near Freeport in Step~e~son County and near Mt. Carroll in Carroll 
County. 
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Zinc-lead district of northwestern Illinois. 
Stratigraphic Position of Ore Deposits 
The zinc-lead ore deposits occur in the middle Ordovician carbonate 
formations of ,the Galena and Platteville Groups (Champlainian Series) of the Or-
dovician System. The major deposits of zinc ore (sphalerite) are found in the 
lower part of the Galena Group, which includes the "Drab," "Gray;" and "Blue" 
zones of the Dunleith Formation; the "Oilrock," or Guttenberg Formation; the 
"Claybed," or Spechts Ferry Formation; and in the "Glassrock," or Quimbys Mill 
Formation, which is in the top of the Platteville Group. These deposits are 
mainly of the "flat-and-pitch" type. 
The major deposits of lead ore (galena) containing little associated 
sphalerite are found principally in the upper part of the Galena Group, which 
includes the top half of the ·Dunleith ("Drab") and the overlying Wise Lake For-
mation ("Buff"). These deposits are of the "crevice" type. Locally the lead 
ore may grade into mixed lead-zinc ore, especially in the lower part of the Wise 
Lake Formation. 
Flat-and-Pitch Deposits 
The flat-and-pitch deposits in the lower ore-bearing zone consist of 
"flats," which are nearly horizontal, sheet-like bodies of ore between or par-
allel to the bedding planes of the strata, and "pitches," which are similar 
bodies cutting across the bedding planes. The pitches usually slope more than 
45 degrees and many steepen upward to grade ' into vertical crevices. Some tend 
to flatten downward. The mineralized rock between pitches bounding an ore body 
is called the "coreground." 
Flat-and-pitch ore bodies. 
The flat-and-pitch deposits are associated with small synclinal struc-
tures, which trend northwest, northeast, or east. ·Between pitches bounding an 
ore body, the "Oilrock" and "Glassrock" are thinner than usual, apparently because 
of being dissolved away, and the overlying strata have sagged to form the synclinal 
structure. This sagging opened up the fractures which became mineralized. The 
mineralized sags are usually 50 to 200 feet wide, but may,_ ~-e as wide as 300 feet, 
and extend longitudinally for thousands of feet in a straight line or in an 
arcuate manner. Usually the minable thickness is about 40 feet, but sometimes 
it is thicker. There are many variations in the shape and character of these 
deposits. The ore generally occurs as filled fissure deposits, but in the "Oil-
rock" and "Glassrock" there arT also disseminated-type deposits. Rarely the ore 
will assay as high as 20 percent zinc, but 10 percent zinc is considered rich 
ore and 3 to 4 percent o.re is considered minable. In some deposits, minable 
ground is confined entirely to the pitches, but usually parts of the coreground 
~re also minable. Minerals, other than galena, associated with the zinc ore 
(sphalerite) include pyrite, marcasite, and calcite. Above the water table, 
where oxidation has occurred, there are secondary minerals including cerussite 
(lead carbonate), anglesite (lead sulfate), smithsonite (zinc carbonate), and 
limonite (iron oxide). 
Crevice Deposits 
The crevice deposits of the upper mineralized zone occur as fiss~re 
fillings along joints that are oriented mainly in an east-west direction. The 
crevices are actually vertical fissures, or cavities, that were opened up along 
the joints by solution of the dolomite. Along a typical crevice the minable ore 
occurs as pods or lenses a few feet to a few hundred feet long scattered along 
the strike of the joints. The ore bodies are generally only a few inches to a 
few feet wide, but where there are two or more closely spaced crevices, they 
extend over widths of 30 feet or more. The ore is usually pure galena, but 
locally it may grade to mixtures of galen~ and sphalerite. 
Crevice ore bodies. Crevice A reaches the ground 
surface and is filled with clay; B is only partly 
clay-filled. 
The shallow crevice -depos-
its were the nation's princi-
pal source of lead ore between 
1820 and 1865. These deposits 
were easily discovered in par-
tial exposures along stream 
valleys and by the presence of 
residual accumulations of ore 
where erosion ha~ intersected 
mineralized joints. In some 
cases the topographic expres-
sion of crevices as shallow 
depressions led to the discov-
ery of ore bodies. When these 
easily exp~oited deposits were 
depleted, lead ore production 
declined sharply. At present, 
little ore is mined from shal-
low deposits each year. Zinc 
ore obtained almost exclusively 
from the larger, deeper flat-
and-pitch deposits is now the 
chief mineral commodity of the 
area. 
Origin of Ore Deposits 
The origin of the ore bodies is still in question. An early theory 
that was widely accepted is the "cold water theory." By this theory the lead 
and zi-nc minerals were assumed to have been present in trace quantities dissemi-
nated throughout the Galena Dolomite or higher rock units. The lead and zinc 
were originally supposed to have been deposited with the carbonate rocks when 
they were precipitated from the ancient Ordovician sea more than 400 million 
yeats ago. Percolating ground water then dissolved the lead and zinc minerals 
from these rocks and carried them downward to be reprecipitated in openings in 
the strata where the ore is now found. 
The theory now generally favored by geologists is the "magmatic theory." 
According to this theory the ore was emplaced by hydrothermal solutions rising 
from a deep magmatic (igneous) source. The warm mineralized solutions ascended 
until they encountered the cavernous, jointed Champlainian (middle Ordovic~an) 
rocks that had the proper temperature-pressure conditions to allow the precipi-
tation of the lead and zinc sulfides. The neutralizing effect of carbonate-rich 
ground water on the acid sulfide-bearing solutions could also have been partly 
responsible. These ideas may explain why the ore bodies are restricted to such 
a narrow vertical interval of Ordovician strata. However, the absence of deep 
·downward extensions of ore and major faults that could have provided access to 
the rising solutions has 
1
not been resolved. 
The open £issures in which the crevice ores were deposited and the 
synclinal structures associated with the flat-and-pitch ore bodies are solutional 
in origin and were formed before ore emplacement. Whether solution was by mete-
oric ground water or by hydrothermal solutions has not been definitely determined. 
If the latter is true, the,openings may have formed contemporaneously with ore 
deposition. 
Prospecting for Ore Deposits 
The long, fairly narrow ore bodies in the Upper Mississippi Valley 
zinc-lead district, especially the deeper ore bodies, are difficult to find. To 
extend the life of the mining district new reserves of ore_ must be found. Geo-
physical and geochemical methods have been used in the exploration for ore depos-
its to some extent, but with limited success. Drilling is the most commonly used 
means of prospecting for lead and zinc ores and is at present the most effective 
method of searching for the deep ore bodies. Drilling iis used to explore the 
trends of known ore deposits and to search for new ore bodies in prevfously un-
tested areas. 
Recent prospecting for lead and .zinc ores in northwestern Illinois has 
consisted largely of drilling in areas of old shallow lead diggings, along the 
trends of known deeper ore bodies, and in the .vicinities of the occasional water 
wells ' that happen to penetrate ore. "Wildcat" holes drilled in unproven ground 
outside areas of known ore deposits have been relatively few. Before deciding 
where to drill such exploratory holes, many interrelated geologic factors must 
be evaluated by the geologist. 
Churn drilling. There are two principal ,methods of drilling deep 
holes--chum drilling and rotary drilling with a diamond .bit. Churn drilling, 
also known as cable-tool drilling, is much less expensive than diamond drilling 
and has been used widely in the zinc-lead district for deep prospecting. By 
this method six-inch vertical holes are drilled by a heavy steel rock bit sus-
pended from a steel cable that is attached to the controlling machinery at the 
surface. The heavy bit is alternately lifted and dropped, the rock being pene-
trated by the repeated blows of the bit. The broken rock is periodically bailed 
from the hole, and samples of the rock chips are saved for examination or assaying. 
Diamond drilling. Diamond drilling provides better rock samples than 
those obtained by churn drilling, if core recovery is good. The cores obtained 
are continuous samples, or a column, of the rock interval that is penetrated by 
the bit. However, in soft or ' fractured rock, often in critical zones of mineral-
ization where samples are most desired, poor core recovery may result in no sample 
for some intervals. A definite advantage of diamond drilling is the ability to 
drill inclined holes. Drilling is accomplished by means of a small-diameter dia-
mond bit attached to a column of pipe called the drill stem. The bit cuts through 
the rock when the drill stem is rotated by power machinery at the surface. Water 
or a water-oil mixture is pumped down the inside of the drill stem under pressure 
to cool and lubricate the diamond bit and to flush out crushed rock from the bottom 
of the hole and carry it up the drill hole to the surface. The rock core enters 
the hollow drill ' stem, where it is surrounded by the coolant as the bit cuts down-
ward, and it remains there until it is retrieved when the drill stem is pulled 
out of the hole. Depending upon the depth to be drilled, the diameter of the 
drill. stem and bit are usually decreased periodically as the hole deepens. 
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